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CHAPTER I.
GENOTYPE X PRODUCTION SYSTEM INTERACTIONS, AND THE
IMPORTANCE OF PHYTOTOXIC SUBSTANCES FROM WHEAT STRAW,
IN DOUBLE-CROP SOYBEAN CULTIVAR DEVELOPMENT
ABSTRACT
Twenty-five randomly chosen determinate and indeterminate
soybean f Glycine max (L.) Merr.] lines of early group v maturity
were grown in two tillage treatments (wheat straw vs. fallow)
over two years (1982, 1983) to determine the influence of wheat
residue and stem termination on soybean double-crop performance
and to assess the magitude of genotype x production system inter-
actions in double-crop cultivar development.
Seed yield was significantly lower in wheat residue environ-
ments (1820 Kg/ha) than fallow environments (1930 Kg/ha).
Indeterminate lines outyielded determinate lines by 11%. Indeter-
minates showed only a 1% reduction in yield in wheat residue
environments, while determinates suffered a 9% reduction.
Genotypic variation for seed yield was masked by significant
genotype x tillage treatment and genotye x environment interac-
tions. The magnitude of the genotype x tillage treatment interac-
tion indicated that the development of double-crop cultivars
would be expedited by the testing and selection of lines in wheat
residue environments.
Cold water extracts derived from wheat straw stimulated
soybean seedling growth when applied to pots in the greenhouse.
Seedling growth and percent nitrogen were substantially reduced,
however, when seedlings were grown in pots mixed with wheat
straw. Therefore, nitrogen availability is probably a more impor-
tant factor limiting the growth of soybeans in soybean double-
crop production than the phytotoxicity of compounds leached from
wheat straw .
A greenhouse evaluation was not effective in identifying
lines tolerant to the effects of wheat straw. Dry matter produc-
tion, plant height, and percent nitrogen of seedlings were signi-
ficantly reduced (13, 41, and 46%, respectively) among 25 lines
evaluated. While the relative reduction for these traits differed
among lines, plant responses in the greenhouse were not cor-
related to performance in the field.
Additional index J*c_jjis_: Growth habit, stem termination, residue
management, nitrogen immobilization, plant breeding, genetic
improvement, tolerance, Glycine max , plant traits.
INTRODUCTION
Limiting factors of paramount importance in wheat-soybean
double-crop systems are length of growing season and availability
of soil moisture. Methods of residue management can affect both
of these factors. The use of minimum tillage or zero-till systems
extend the growing season by allowing the planting of soybeans
immediately following wheat harvest, whereas more extensive
methods, such as plowing or heavy disking require additional
seedbed preparation. By leaving a straw mulch on the surface,
minimum tillage methods increase water conservation and reduce
soil erosion (22,28). The removal of wheat residue by burning
allows the early planting of soybeans, but ignores the benefits
of a mulch. In addition, the practice of burning crop residues
may be legislated out of existence in the future, particularly
near population centers (20).
Although the use of minimum tillage systems offer benefits
in the production of double-crop soybeans they are not without
drawbacks. A deleterious effect on growth and yield of soybeans
in these environments may be a result of wheatstaw per se .
Caviness (6) related how researchers and farmers in the
southern U.S. have noticed reduced growth of soybean seedlings in
double-crop environments. He explained how this inhibition can
reduce yields, and may be a result of phytotoxic activity associ-
ated with the presence of wheat straw.
Phytotoxic activity may be a result of 1) initial leachates
from undecomposed straw (15,16), 2) substances released from
wheat straw during decomposition (17,18), 3) toxins produced by
microorganisms during the decomposition of wheat straw (7), and
4) the immobilization of inorganic nitrogen by soil microflora
(1).
Elliot et al. (10) reviewed work done on the phytotoxicity
associated with crop residues. They listed a number of phytotoxic
compounds which have been isolated from fresh and decomposing
crop residues by various workers, which included a wide array of
simple and complex compounds. The type and quantity of compounds
released from wheat straw were presumed to depend upon their
water-solubility and the type of microflora which develop.
While all the described effects of wheat toxcity may influ-
ence soybean seedling growth in wheat-soybean double-crop sys-
tems, their relative importance remains undetermined. Selection
of lines tolerant to all effects would drain available resources
and severely limit genetic improvement. However, if one factor
can be identified which exhibits the greatest impedance to
growth, then breeding energies could be directed to improve that
trait and greater genetic gain would be realized.
The development of soybean lines tolerant to the effects of
wheat straw may improve yields in double-crop environments and
would animate the use of minmimum tillage systems, with addition-
al yield advantages obtained through improved cultural practices.
Double-crop cultivar development would be expedited by the
selection and testing of lines in environments specific to this
production system. The need for such a breeding scheme, however,
would depend upon whether or not significant genotype x prod-
uction system interactions occur. If these interactions occur, it
would indicate that different factors may be responsible for
yield in double-crop environments.
In addition to possible phytotoxic associations, crop resi-
dues are known to affect plant growth by influencing soil physi-
cal, soil chemical properties, and the crop microclimate (26). It
could be assumed that previous wheat crop growth, independent of
residue effects, would also influence soil physical and chemical
properties and affect subsequent double-crop development. There-
fore any differential response amoung soybean lines grown in the
fallow and wheat residue environments may be due to effects of
crop residues, independent of phytotoxcity; effects of previous
plant growth, including possible allelopathic effects; or toler-
ance to wheat straw phytotoxicity.
One way to improve double-crop cultivars adapted to south-
eastern Kansas may be through the use of indeterminate stem
growth. Currently, the best adapted cultivars to southeastern
Kansas are early maturity group V (MGV) determinates. Indetermi-
nate stem growth differs from determinate stem growth in that
indeterminates continue growth in stem length and leaf production
after flowering, while determinates terminate stem growth when
flowering begins (3). This difference in growth may give indeter-
minates an advantage in adverse conditions because they flower
over a longer period, possess more nodes, and allow deeper light
penetration into the crop canopy (12). Plant height, number of
reproductive nodes, and length of reproductive period are traits
which are positively related to seed yield and may have a stron-
ger relationship with yield in late environments (4,5). In addi-
tion, indeterminate genotypes have been reported to out yield and
be more yield stable than determinate genotypes in northern
soybeans (2,27). It might be predicted, therefore, that tall,
indeterminate, MG V genotypes would enhance the soybean yields in
the double-crop production systems of southeastern Kansas.
Cox (9) found a differential seed yield response among
soybean cultivars grown in a double-crop and winter-fallow envi-
ronment when planted on the same date. In the greenhouse these
cultivars also showed differential responses in dry matter prod-
uction of seedlings when grown in pots containing 2% wheat straw
(w/w) and in pots containing only soil. Cultivars exhibited
similar responses in the field and in the greenhouse. These
results indicate that 1) selection of soybeans tolerant to the
toxic effects of wheat straw may be possible and 2) a greenhouse
selection technique for tolerant lines might be developed. This
work did not differentiate effects of N immobilization from
effects of wheat straw toxicity.
Some cultivars of wheat straw appear to be more toxic to
seedling growth than others (17,18), and high straw concentra-
tions may have a greater inhibitory effect than lower concen-
trations (9). Implications are that the selection of a wheat
cultivar to precede soybeans may influence the success of double-
crop production.
The purpose of this research was to: 1) compare the growth
and yield of soybean lines in a wheat residue environment pre-
viously cropped to wheat, and in a fallow environment free of
previous crop effects, 2) assess the magnitude of genotype x
production system interactions in double-crop soybean cultivar
development, 3) determine the influence of stem termination type
on soybean seed yield in double-crop environments, 4) evaluate
the importance of phytotoxic substances leached from wheat straw
in the stunting of soybean seedlings, and 5) evaluate a green-
house technique for screening lines tolerant to the effects of
wheat straw.
MATERIALS AND METHODS
I. Field Experiments
Field experiments were conducted in southeastern Kansas at
the Columbus Experimental Field near Columbus, Kansas in 1982,
and on a farm near Pittsburg, Kansas in 1983. The soybean plots
were planted in a Bates silt loam (Typic Argiudolls, fine-loamy,
siliceous, thermic) in 1982, and in a Parsons silt loam (Mollic
Albaqualfs, fine, mixed, thermic) in 1983.
The experimental design was a split-plot with tillage treat-
ments as whole plots and soybean genotypes as sub-plots. The sub-
plot treatments were arranged in a 5 X 5 balanced lattice square
design, with three replicates. Genotypes consisted of 11 randomly
chosen determinate lines and 11 randomly chosen indeterminate
lines from F5 progeny rows, and three check varieties: 'Essex',
'Forrest', and K77-46-62. The lines chosen, from four different
crosses, were no earlier, and no more than three days latter in
maturity than Essex. Tillage treatments included soybeans grown
in a wheat residue environment and a fallow environment. The
fallow treatment was achieved by killing blocks of wheat in a
growing field, with .84 Kg/ha active ingredient glyphosate in
early April, before substantial growth had occurred. Wheat was
harvested from the residue treatment in a conventional manner,
using a self-propelled combine. Both tillage treatments were
disked heavily prior to planting. Planting dates for both treat
ments were 2 July 1982, and 8 July 1983. Beans were harvested 4
Nov. 1982 and 20 Dec. 1983. A very wet fall delayed harvest in
1983.
In 1983, soil in each tillage treatment was sampled to a
depth of 15 cm. Fertility levels of N and P were measured. Per-
cent soil moisture was also determined gravimetrically.
The plots consisted of four rows 7 6 cm apart and 6.1 m long.
Plots were end-trimmed at maturity to 4.6 m and the center two
rows were machine harvested. Seeds were planted at 26/m in both
environments. Weed control was achieved with 4.6 Kg/ha active
ingredient alacholor applied at planting, and plots were kept
clean by hand weeding. In 1982, approximately 0.2 Kg/ha active
ingredient acifluoren was applied three weeks after planting to
control a late weed problem.
In general, rainfall was less than normal for both years. In
1982, rainfall was near normal in Aug., during the late vegeta-
tive and early flowering period, but averaged 9 cm below normal
in Sept. and Oct., during pod-fill and maturity. In 1983, rain-
fall averaged 7 cm below normal during Aug. and Sept., while Oct.
rainfall was 16 cm above normal. Temperatures were near normal
during July and Aug. of 1982, while Sept. and Oct. averaged .4 C
cooler than normal. July, Sept., and Oct. of 1983 averaged .4 C
warmer than normal, while Aug. was 3.2 C warmer than normal.
Plant traits measured in 1982 were seed yield and mature
plant height. In 1983, additional measurments included 100 seed
weight and percent leaf nitrogen. Plant height was measured at
maturity. Seed weight was recorded from 100 random seeds sampled
after harvest. Percent leaf nitrogen was determined by sulfuric-
peroxide digest, as described by Lowther (19) in a Technicon
Auto-Analyzer II. Leaves were sampled from the third trifoliate
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of seedlings in the V4 (11) stage of growth.
In the analyses of variance, years and genotypes were consi-
dered random effects and tillage treatments were fixed. Adjusted
means for genotypes in the sub-plots were obtained by lattice
square analysis, as described by Cochran and Cox (8), and were
included in the split-plot analysis and combined over years.
II. Greenhouse Studies.
Greenhouse studies were conducted in July and September of
1983 and January of 1984 to assess the effect of wheat straw on
the early stunting of soybean seedling growth and to determine
the relative importance of nitrogen immobilization and the
release of phytotoxic substances from wheat straw. Six plants
were planted in 2 liter pots and thinned to three plants upon
emergence. The potting medium consisted of one part fine sand and
one part silt loam soil. The soil used had not been cropped for
several years and contained no plant residues. No rhizobium
bacteria were applied to pots and little nodulation was noted.
Wheat straw was prepared by grinding in a hammer mill to
pass through a 32 mm screen. Sources of wheat straw were from
field plots grown in conjunction with this study and from Kansas
State University foundation seed plots. Residue was collected and
ground immediately following wheat harvest and stored at 10 C
until used.
Supplemental greenhouse lighting was provided by Sylvania
1000 watt, high-pressure sodium, Maxi-Grow Batwing lamps. Green-
house temperatures were maintained near 21 C nighttime and 27 C
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daytime. Treatment combinations were replicated four times and
arranged in a randomized complete block design.
The following information provides a specific description
for each test.
Cold Water Extract and. Nitogen Fertility Levels. Three check
lines; K77-46-62, Essex, and Forrest were grown in factorial
combinations with three nitrogen fertility levels and three
concentrations of cold water extracts from wheat straw. The three
fertility levels were achieved by amending soil-sand mixtures to
10 ppm, 20 ppm, and 40 ppm nitrogen, with ammonium nitrate. These
concentrations correspond to low, medium, and very high fertility
levels for soybeans grown in Kansas.
To obtain cold water extracts, ground wheat straw of the
cultivar Newton was intermitently stirred in a cement mixer with
distilled water for three hours, at 25 C , in a ratio of 10:1
(water/straw). Residue was filtered out of the mixture by pouring
though 10 layers of cheese cloth. Extracts were immediately
stored at 5 C. Electo-conductivity of extract solutions was less
than 2 mil limhos/cm.
The concentrations of extract used were: 100% extract, 50%
extract-50% distilled water, and 100% distilled water. Fifty
ml of the appropriate concentration of extract was applied to
pots every other day for the first week and 100 ml was applied
every other day, thereafter. Supplemental distilled water was
applied as needed. Enough cold water extract was made at a set to
supply pots for two treatments. Planting was in late January and
plants were grown under a 15 hour photoperiod with supplemental
12
lighting. At harvest (V4 stage of development), average plant
height and total dry weight per pot were measured.
Greenhouse Evaluation . Twenty-five soybean lines were grown
in pots containing and 2% wheat straw (w/w), of the cultivar
•Newton'. The soybean lines consisted of 11 determinate and 11
indeterminate lines randomly chosen from F5 progeny rows which
had not been subjected to previous selection pressure. Three
check lines; Essex, Forrest, and K77-46-62 were also included.
These were the same lines grown in field studies in conjuncton
with this test. Genotypes were considered a random effect in the
analyses of variance.
Seeds were planted in early September and supplemental
lighting was provided for two hours in the early morning. Average
plant height (cm) and total dry weight per plot (g) were measured
following the V4 (11) stage of development. Dried samples were
ground in a Wiley mill to pass a 2 mm screen. Percent total
nitogen per sample was determined by sulfuric-peroxide digestion
as described by Lowther (19), in a Technicon Auto-Analyzer II.
Wheat Cjiltiyaj: and Straw Concentration . Ground straw from
three cultivars of wheat commonly grown in southeastern Kansas
were thoroughly mixed, by hand, with the soil at concentrations
of 0, 0.5, 1.5, and 3% (w/w). These concentrations, except for
the control, correspond to to field residue concentrations expec-
ted from a wheat crop yielding 3360 Kg/ha (50 bu/A) , incorporated
to depths of 7.62 cm, 2.54 cm, and 1.27 cm, respectively. Wheat
cultivars used were 'McNair' (a soft red winter wheat), 'Newton',
and 'Tarn 105'.
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Three soybean lines used in the test were 'Essex 1
,
•Forrest 1
,
and K77-46-42. These lines were checks used in field
studies conducted in conjuntion with this experiment. Seeds were
planted in early July and two hours of supplemental lighting was
provided in the early morning.
Average plant height (cm) per pot was taken after four
weeks, following the V4 (11) stage of development. Plants were
clipped at the soil surface and dried at 34 C for three days.
After drying, total plant dry weight per pot was measured.
14
RESULTS AND DISCUSSION
EAfild. experiments . Tillage treatments influenced soybean
growth and yield (Table 1). Seed yield and 100 seed weight were
significantly reduced in wheat residue environments; with plant
height and seedling leaf nitrogen tending to be lower in these
treatments. The effects of wheat residue environments on plant
height and seedling leaf nitrogen were masked by significant
tillage treatment x location interactions.
Plant height was significantly taller in the fallow environ-
ment (88 cm) than the residue environment (76 cm) in 1982; how-
ever, there was little difference in height between the two
tillage treatments in 1983 (54 cm, fallow; 53cm, residue). This
differential response for plant height may be due to climatic
differences in the two years. Although beans were stressed during
both years, stress periods came at different times. In 1983,
major stress occurred during vegetative growth and plant height
was not well expressed; while in 1982 major stress occurred after
flowering, not during vegetative growth, allowing differences in
plant height due to tillage treatments to be displayed.
Percent seedling leaf nitrogen was significantly greater in
the fallow treatment (5.10 %) than the residue treatment (4.74 %)
at the Pittsburg location; but was lower, although not signifi-
cantly, at the Parsons location (4.69 %, fallow; 4.83 %,
residue). This interaction may be explained due to different soil
fertility levels in the tillage treatments at the time of
planting.
Soil fertility tests taken before planting indicated that N
15
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levels were nearly the same in both tillage treatments at the
Parsons location, but were lower in the wheat residue environment
at the Pittsburg location. This difference in available N could
account for the tillage treatment x location interaction for leaf
nitrogen. Seedling nodulation at both locations, however, was
observed to be much greater in the wheat residue environments,
indicating that N was severely limited in both wheat residue
environments (24).
Seed yields in the residue treatments were reduced by 5%, in
1982, and 7% in 1983. Although significant, these reductions
where not drastic in the low yield potential environments where
the soybeans were grown. Lower yields in the wheat residue are
probably more a result of soil physical and soil chemical condi-
tions than phytotoxicty associated with wheat straw.
At planting, residue treatments were wetter than fallow
treatments. Soil moisture averaged 16% in the residue treatments
and 14% moisture in the fallow treatments. Therefore, although
both treatments were disked prior to planting, soil compaction
occurred in the wheat residue treatments, but not the fallow
treatments. The effects of soil compaction were witnessed by
twisted and contorted growth of seedling root systems in the
wheat residue treatments compared with the fallow treatments.
In addition to compaction problems, stand establishment was
reduced in the wheat residue treatments in 1983, probably as a
result of poor soil-seed contact. Stand establishment averaged
88% in the fallow treatments and only 50% in the residue treat-
ments in 1983. Stand establishment was considered adequate for
17
both treatments in 1982.
Soil fertility tests also indicated that N and P levels
tended to be lower in the residue environments than the fallow
environments, prior to planting. As was previously mentioned, N
was probably severely limiting during soybean seedling growth in
the wheat residue regimes. This is likely a result of the immobi-
lization of inorganic N by microflora during the decomposition of
wheat straw (1). Therefore, the problems associated with soil
compaction, stand establishment, and available nutrients could
account for the moderate yield reductions in the wheat residue
treatments; and phytotoxicity which has been associated with
wheat straw probably was not a major factor in these yield reduc-
tions.
Indeterminate lines outyielded determinate lines by an aver-
age of 11% (Table 1). Indeterminates were also taller than deter-
minate lines. No significant stem termination type x treatment or
location interactions occurred for any trait.
Higher yields for indeterminate lines was attributed to
greater seed weight in a previous report (12). In this study,
however, there was little difference in seed weight between stem
termination types (Table 1).
Maturity data indicated that indeterminates averaged 3 days
later than determinates, which could give indeterminates a yield
advantage in these late-planted environments. However, average
maturity and overall mean seed yield were not well correlated
(r=.ll).
Genotypic variation was not significant in the analysis of
variance for seed yield or leaf nitrogen (Table 2), but was for
18
Table 2. Estimates of genetic and interaction components of variance and
their standard error for three plant traits.
Effect
Plant traits
Seed yield Plant height Leaf nitrogen
Genotype (Gen) 3918+5219 108.7+31.7** .0035+. 0033
Gen x Location (Loc) 8008+4946* 5.9+ 3.1** -.0002+. 0031
Gen x Treatment (Trt) 9346+5280* .6+ 1.9 .0003+. 0038
Gen x Loc x Trt 257+6188 -1.1+ 2.0 .0007+. 0061
*,** Significant at the .05 and .01 levels, respectively.
19
plant height. Genotypic variation for seed yield was masked by
significant genotype x tillage treatment and genotype x location
interactions. A significant genotype x location interaction
occurred for plant height.
Genotype x environment interaction in soybean breeding
trials limits the effective selection of superior lines. This is
particulary true in Kansas, where large fluctuations in climatic
conditions contribute to these interactions. Soybeans are select-
ed over a number of environments and years to control these
relatively large interactions. It was therefore suprising to find
that, for seed yield, the magnitude of the genotype x tillage
treatment interaction component of variance was as large as the
genotype x location component (Table 2).
The magnitude of the genotype x tillage treatment inter-
action indicates that different factors may be responsible for
yield under double-crop conditions and that the development of
double-crop cultivars would be expedited by the testing and
selection of lines in wheat residue environments.
As was mentioned previously, climatic conditions between the
two years had a drastic effect upon the expression of plant
height. Genetic differences in plant height were better displayed
in 1982 than 1983, which contributed to the genotype x location
interaction for this trait. The interaction component of vari-
ance, however, was still much lower than the genotypic component
(Table 2). It might also be noted that the test of significance
for this interaction was very sensitive, as the R-square value
for the model in the analysis of variance was .98.
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Seed yield and plant height averaged 13% and 34% lower,
repectively, at the Pittsburg location than the Columbus loca-
tion. All plant height means and all but two yield means for
genotypes were lower in the Pittsburg environment. Therefore, the
nature of the genotype x location interactions for these two
plant traits depended upon the degree which growth and yield was
reduced among lines between the two locations. Several substan-
tial changes in rankings occurred among lines for seed yield at
the two locations (Table 3), but changes in ranks were not as
substantial for plant height.
The yield differential between stem termination types was
greatest under more adverse conditions. Mean seed yields in the
Columbus-fallow, Columbus-residue, Pittsburg-fallow, and Pitts-
burg-residue environments were 2057, 1963, 1803, and 1637 Kg/ha,
respectively. The indeterminate lines outyielded determinate
lines by 1%, 12%, 12%, and 19% in these environments, respective-
ly. Averaged over locations, indeterminates showed only a 1%
reduction in yield from the fallow environments to the wheat
residue environments, while determinates suffered a 9% reduction
(Table 3). Indeterminate lines may, therefore, be more yield
stable than determinate lines in late-planted double-crop situa-
tions.
Another aspect of the comparison between the stem termina-
tion types is the ranking of means. In the residue environmnents,
seven out of the top eight lines were indeterminates (Table 3).
The ranking of line means over all environments showed that the
top nine lines were all indeterminates, which included the in-
determinate check (K77-46-62). The randomly chosen indeterminate
21
.*
c r~ en ^
Cn 10 H
u u Ij
o 3
JJ
£
n jj 10
c jj
-C o in cvion
o rJ \ CM <N coloH 04 ai r— co coico
4J x r-l i-H i-JH
a in
u c
l-l •H
JJ
10
3 -*
JJ o C OCQvOJ ca 10 rH r-l
JJ 3 u
Id J3
£ -Q
o 3 10
c f-l 10
10 O JB O CM 1-J, ^
o V m \o H""u en O Jl Ho
u « m m rjes
c
0)
£
4-1
10
<u
u .*
JJ c
10
o p^ m
CN i-H rH
V HI u
en 3
<a tn •o j3H 4J -*J (0
-H c U) (0
•H ai HI -C ro CO -* «»
JJ e OS \ o cn ml co
jj en r~ r-~ cdr~
O <0 S£ HHrJ,rt
s 0)
JJ
4J
c
•H
en
a a .*:
a> i—i C rH (TV rH
c »H 10 tN
•f-t •H 2 uM E-i o
C ^ XI
10 fH 10
u 10 <0 i-
Cb -C \o o> m|co
T3 *s, vocanto
C en o en co] en
10 ^ <N i-H .HlrH
to
c
03
11
B
u • COCO a. r-J vt
•H r-l 10 3 VJ5 01
— 41 41 JJ 1 jj*
•H Cu u CO to i0
• >, >i(5 x a> ^> a
r-i JJ 01 u 1 c ^
T3 o c u <a u r- 10 s
4> 4) C -H i -* co o r- 4) u
^H 41 IV -C | u M in u: z a*
J3 W U JJ | a> jj
10 H 1 c jj
&h * 1 u
ojinm^inoror-i-ir^cAMmrgNrtMHHM r-i
CN^co.-ir^vo^'oatinoi*©
vonnoofnHwmco^iGno
mro^cor-vor-r-incovjavo
MlOOinHHUKN^Tf h
i-H-HCNCNOJ HMINHH
o^incnomrjvomr^roaJ.CN
ar*^Hvovohiin.ovd^
ocncT\r~cocNcncor~ooJicn
CN^H^i-HrHoli-HiH^HCN^i-H
Hmn^w^oaioimco
OJ <N CI CN iH r-l r-l OJ r-l
m*Tu-»/HcocncooocNi
^HoftHOMnn-wiionmmaoocon<ioaoi
rHrHrjrHrHCjrHrHr-irHi
•H HOInlHHOKNHH
OMorjo^oSHinn-voi
mcvcoooiAionoMni
cftcncor^cocococovocAi
romcocAmcA^rr^vjamcN
I I I I I I I I I I I
ifiio voaontnniovj
I I I I I I I I I i I c
r**p~r^r-»i—r*r*r*-r*r»r*- io
r»r-r-r»r~r~r-»r-r~r~r- <u
OvOMHfTHnHiXnfM
o^r^roirtcoox^-onoinlin co
aococorjr~cor->p^r~cncNGO cj
rHi-HrHCNrJrJrHr-lrHrJr-jjrH
cn co ro i—i ^m mo> inn> m
r-1 CM r-l r-l
voni-im^jii^^rmomcWo oi/iflv^nuii/icor^ciHqn- r~OVOOJOHdHOHHCJO mH(NHOJ(Nm(NMNOtnl(N
mi—inHoonior^Ninm
HinHOinno\uiin{NO|o\
^r«ini-tHHr^nniCDM«f
aOCOCOi-HCKOCT\CT\COcno|cft
rHrHr-ICNrJOJr-li-lr-lr4CNir-l
m r(i—^•cftinr^TTvjornijo
intoinotovvomrsavoiHlonOICODOHH^I
cnoccocnoocnoO'
H(NHWH(NntHM(Ni
o>orsinmm(N^r*-fNC3*
H^finvot^incooa^fin
I I I I I I I I I I Ivstoiomoonnn wo
T^innininvovovoi/jvo ~~
I I I I I I I I I I I C u-i
r-r-r-r-r— r~r-r--r- r—r- io O
r-r"-r'~r'-r^r»r^r-i-**r-»r-4i •
Q
ca
10
JJ
11
c
e
i 3
O
u
10
cH
I
J=
I
01 >i
| JJ JJ
JJ -H
I 4) -H
I
-Q
I
41 10
I
e.a
I 10 o
I
U] II
i a
I 41
,j: uj
I
JJ o
I
>n-l
J3 41
>
-D 41
41 -\
3
O in
-i o
IrH •
I
o
I
iJJ 41
I
J=
| to JJ
I
c
i m jj
I
41 >a
a c
3 41
o u
I
u 41|U HJ
I+-
22
lines even outyielded the checks at both locations and in both
tillage treatments (Table 3). This is most suprising since the
checks represent well adapted lines which have been selected for
yield potential in many environmnents, while the random lines had
not been subjected to any previous selection pressure for yield.
The use of indeterminate stem growth should improve culti-
vars adapted to southeastern Kansas and its double-cropping prod-
uction system. This could be accomplished by the testing and
selection of indeterminate lines, or by incorporating indeter-
minate stem growth, though backcrossing, into currently adapted
cultivars, as this trait is controlled by a single gene (3).
Greenhouse experiments. Table 4 depicts the mean effects of
three soybean genotypes, three nitrogen fertility levels, and
three concentrations of cold water extracts derived from wheat
straw on soybean seedling dry matter production and plant height.
No significant two-way or three-way interactions occurred between
main effects for either trait.
'Forrest 1 seedlings were significantly taller than 'Essex'
and K77-46-62 seedlings, while K77-46-62 seedlings exhibited
significantly greater dry matter production. These relationships
among the genotypes were consistent throughout the study, and are
interesting to note because K77-46-62 demonstates indeterminate
stem termination, while Essex and Forrest are determinates.
Nitrogen fertility levels did not significantly effect dry
matter production in seedlings. N levels were significant
(p=.045) for height, but means were not clearly separated. Evi-
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Table 4. Mean effects of three nitrogen fertilitylevels, three concentrations of cold water extractsderived from wheat straw, and three genotypes on
soybean seedling growth.
„._ Plant traitstEffect and level
Seedling height Dry weight
—cm
—
q/potGenotype
Essex 14.5 b 2.25 b
Forrest 17. a 2.28 b
K77-46-62 14.4 b 2.56 a
Nitrogen levels
10 PPi> 15.3 ab 2.36 a
20 ppm 14.9 b 2.31 a
4 ° PPm 15.6 a 2.43 a
Extract Concern- rahi rm
100% water 14. 8 b 2.05 b
a
a
1:1 water/extract 15.4 a 2.52
100% extract 15.6 a 2.52
t Means followed by same letter within a column and
effect are not statistically different, according
to LSD proceedure (p=.05). Means are averages of
36 observations.
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dently, all fertility levels used provided ample nutrition for
seedling growth in the greenhouse. Dry weight and seedling height
were lowest in the medium level of fertility (20 ppm) and the
very high level (40 ppm) had the highest means for both traits.
Cold water extracts derived from wheatstraw stimulated growth of
soybean seedlings/ as plant height and dry matter production were
significantly greater when the extracts were used. These results
are in contrast to those of other workers who demonstrated re-
duced root and shoot elongation of various crop seedlings when
grown in cold water extracts derived from undecomposed wheat
straw (9,13,16,17).
Most workers agree that the release of toxic compounds is
greatest during early decomposition (10,16,17), and some report
that initial toxicity from undecomposed straw is minimal or non-
existent (7,10,21). The results of this study agree with the
latter group. The stimulatory effect observed could be explained
by possible interactions of toxic compounds, leached from straw,
with the soil, or the effects of leached nutrients on plant
growth.
Schneider and Wightman (23) reviewed work concerning the
effects of various compounds on indoleacetic acid (IAA) oxidase
activity. They report that monophenols reduce stem elongation by
acting as coenzymes for IAA oxidase, while diphenols, poly-
phenols, and auxin protectors (complex polymers containing pheno-
lic compounds), are inhibitors of IAA oxidase and sometimes pro-
duce stimulatory effects when applied to plant parts. Monophenols
and diphenols are often identified in extracts derived from wheat
straw (9,10,15).
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Much work indicates that soil inactivates or adsorbs phyto-
toxic compounds (10,14,21). Guenzi and McCalla (14) indicated
that the bulk of the monophenolics they identified in soil where
combined to organic constituents by ester linkages. The soil may,
therefore, provide a possible sieving action for phenolic com-
pounds
, 'trapping* monophenols and allowing diphenols and auxin
protectors greater availability to plants, which could stimlulate
growth.
In addition to possible stimulation of plant growth through
inhibition of IAA oxidase by compounds contained in the extract,
stimulation of plant growth could result from soluble nutrients
supplied by the leachate (25).
More research is needed to fully assess the impact of leach-
ates derived from wheatstraw on plant growth. More substances,
including compounds and complex polymers, which may affect plant
growth need to be indentified. The interactions of these com-
pounds with the soil, the concentrations required to affect plant
growth, and the biochemical nature of these compounds in plant
systems also needs to be investigated.
It is evident from this study that leachates derived from
undecomposed wheat straw do not reduce soybean seedling growth
when allowed to interact with the soil. These results do not
discount possible localized effects of leachates when straw is in
close proximity to plant parts or the effects of toxins produced
during decomposition of wheat straw.
Two percent wheatstraw mixed with soil significantly reduced
the average height, dry weight and percent nitrogen of soybean
26
seedlings by 13, 41, and 46%, respectively (Table 5). Deter-
minate seedlings were significantly taller than indeterminate
seedlings, but determinates did not exhibit significantly greater
dry matter production. There was no difference in percent tissue
nitrogen between stem termination types. A significant stem
termination type x treatment interaction occurred for seedling
height and was due to indeterminates suffering less reduction in
seedling height (10%) than determinates (17%).
Analyses of variance indicated that genotypes were signifi-
cant for seedling height and dry weight, but not percent nitro-
gen. Significant genotype x treatment interactions occurred for
all three plant traits. Genotypic means and their rankings for
each trait in each treatment are shown in Table 5. Substantial
changes in the ranking of genotypic means between the the two
treatments occurred for all three traits, particularly for per-
cent leaf nitrogen.
The LSD values were high relative to the range of means
found for percent leaf nitogen. It was noted that the statisical
model in the analyis of variance accounted for only 52% of vari-
abliy in the experiment for this trait, as compared with 87 and
81% for dry weight and seedling height, respectively. The rela-
tively large error for leaf nitogen can not be attributed to the
procedure used to measure this trait, as this proceedure has a
SD= +/- .01%. Evidentally, nitrogen fertility within pots varied
widely even though the same soil was used.
Correlations between control means and straw treatment means
(Table 6) indicate that genotypes were most variable in their
response to treatments for percent leaf N, and least variable for
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seedling height, and that indeterminates varied more than deter-
minates in response to wheatstraw, especially for dry matter
production.
The relative performance of a genotype was calculated as a
percentage of the control mean when it was grown in the straw
environment. Genotypes which showed less reduction for one trait
generally did not exhibit 'tolerance 1 for another trait. An
exception was K77-50-53, which showed the greatest relative per-
formance for dry weight, and also ranked second for seedling
height.
Correlations among plant trait means for the relative per-
formance of genotypes are shown in Table 6. The main comparison
noted here was a moderate positive correlation between dry weight
and seedling height for indeterminates, while there was a
moderate negative correlation between dry weight and percent
nitrogen for determinates.
Correlations between seedling height, dry weight, and per-
cent N are given in Table 7. Correlations are presented overall,
by treatment and by stem termination type. In general, responses
were not well correlated among traits. Dry weight (DWT) and
seedling height (HT) were always positively correlated, and were
correlated stronger overall, than in either treatment. The stron-
ger overall correlation between these two traits is due to the
determinates being taller but not exhibiting greater dry matter
production. Indeterminates had a stronger correlation between DWT
and HT in the control treatment, than when grown in 2% straw.
Overall, DWT was positively correlated with tissue nitrogen (N).
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Table 6. Correlations between control means and means when genotypes
were grown in 2% wheatstraw for three plant traits and correlations
between traits for the relative performance of genotypes.
Group
Comparison Overall Determinates Ind eterminate
Control v. straw
Height (HT)
Dry weight (DWT)
Percent nitogen (N)
.88***
.43**
-.42**
.82***
.67*
-.41
.68**
-.29
-.50*
PEL PPF
DWT/HT
DWT/N
HT/N
.31
-.37*
-.05
.19
-.50*
.13
.50*
-.25
.16
r
**/*** Significant at the .10, .05, and the .01 levels, respectively.
REL PRF=relative performance, calulated as a percentage of the control
mean when a genotype was grown in the straw treatment.
Table 7. Simple correlations between seedling height (HT)
,
dry weight (DWT), and percent nitrogen (N) , overall, by
treatment, and by stem termination type.
Classification DWT/HT DWT/N HT/N a
Overall .51** .33** .16* 200
Determinates .56** .30** .15* 104
Indeterminates .52** .36** .27** 96
No straw .29** -.59** -.32** 100
Determinates .26** -.54** -.31* 52
Indeterminates .41** -.67** -.28 48
2% straw .25** .12 100
Determinates .30* .12 .03 52
Indeterminates .20 .16 .25 48
*,** Significant at the .05 and .01 levels, respectively.
Number of observations.
sn
In the control treatment, however, strong negative correlations
occurred, while in the straw treatment there were no significant
correlations between DWT and N. Correlations between HT and N
were similar to those between DWT and N, however they were not as
strong.
It was noted that K77-50-53, which had a high relative
performance for two traits in the greenhouse, also had the
highest overall mean seed yield in field trials grown in conjunc-
tion with this study. In order to assess relationships between
traits measured in the greenhouse and those measured in the
field, correlations were run between greenhouse means and field
means for 25 genotypes to determine relationships which existed
among these plant traits. The genotypes were also split into
determinates and indeterminates to allow comparisons among stem
termination types. Several of these correlations are presented in
Table 8.
Overall, no greenhouse means had significant correlations
with field means for seed yield. Some trends were noted,
however, within stem termination types. The overall mean seed
yield was positively correlated with the relative performance for
height (HT-REL PRF) among indeterminates, while it was negatively
correlated with percent nitrogen in the control treatment (%N-No
straw) among determinates. Seed yield, in the wheat residue
environments, among determinates was positively correlated with
percent nitogen in 2% straw treatments (%N-2% straw) and the
relative performance for percent N (%N-REL PRF), and was nega-
tively correlated with the relative performance for dry weight
(DWT-REL PRF) and %N-No straw. Indeterminates showed positive
31
Table 8. Correlations between line means in the greenhouse and line means in the field
for seed yield, plant height, and percent nitrogen, by treatment and stem termination
type.
FIELD MEANSv
GREENHOUSE!
MEANS
Environment REL PRF§
PARI COL PIT F R Mean COL PIT Mean
DWT
2% straw
D
I
-.13
-.25
.05
.26
-.47
-.10
-.31
.47
.21
.39
-.04
-.20
-.29
.05
-.10
-.13
.03
-.47**
-.59**
-.31
-.18
.52*
-.29
-.43
.14
REL PRF§
D
I
HT
.16
.01
.29
-.17
-.02
-.42
-.05
-.56**
.54*
.13
.26
-.02
-.24
-.62**
.15
.07
-.36
.21
-.31
-.60**
-.10
.22
-.68***
.35
.32
-.73***
.19
2% straw
D
I
-.29
-.47*
.06
.15
.22
.65**
-.11
.18
.07
.20
.36
.59*
-.10
.10
.34
-.08
.10
.48
-.17
.06
.05
-.17
-.04
-.21
-.22
.02
-.10
REL PRF
D
I
% N
-.36
.30
.38
.14
.39
.21
-.35
.34
.33
-.07
.58**
.27
-.15
.38
-.30
-.24
.61**
.21
-.01
.09
-.04
-.19
-.19
-.21
-.05
-.12
No straw
D
I
.03
.09
-.23
-.12
-.38
-.18
-.04
-.60**
.45
.04
-.17
-.03
-.14
-.66**
.36
-.08
-.54**
.07
-.09
-.40
.11
-.24
-.60**
.36
-.20
-.58***
2\ Straw
D
I
.25
-.45
-.04
.31
.43
.26
.14
.28
.10
-.01
-.11
.29
.34
.59**
.18
.21
.32
.31
.25
-.45
-.04
.38*
.59**
-.02
.38*
.61**
-.04
RXL_ER£
D
I
.23
.53*
-.06
.27
.47*
.27
.10
.44
.07
-.06
-.05
.24
.31
.72***
.04
-.16
.45
.23
.23
.53*
-.06
.39**
.70**
-.13
.36**
.71***
-.16
HT
NO Straw
D
I
-.35*
.05
.08
-.42**
-.07
-.07
-.31
.19
.03
-.44**
-.09
-.39*
.06
.01
-.26
-.33
-.21
-.48**
-.53**
.13
-.55***
-.58**
-.02
2% straw
D
I
.38*
-.03
-.45*
-.43**
-.16
-.47*
-.34*
-.06
-.27
-.41**
-.23
-.27
-.38*
-.14
-.28
-.17
-.26
-.12
-.28
-.27
-.36*
-.33
-.07
REL PRF
D
I
-.33
-.43
-.10
.19
-.28
-.52*
-.15
-.32
-.38
.26
-.08
-.33
.21
-.21
-.37
.21
.23
.11
.40**
.53**
-.15
.45**
.53**
-.06
i N
2% straw
D
I
.14
.32
-.14
.05
-.13
.33
.28
.40
.03
-.07
-.15
.12
.13
.17
.09
.40**
-.67**
.15
-.05
-.06
-.05
-.31
-.48*
.06
REL-PRF
D
:
.02
.20
-.27
-.12
-.30
.25
.13
.26
-.13
-.22
-.25
-.05
.02
-.07
-.36*
-.60**
.27
-.06
-.07
-.12
-.29
-.44
.04
*,**,*** Significant at the .10, .05, and .01 levels, respectively. No. of means is 25, for
treatments, 13, for determinants within treatments, and 12, for indeterminates within
treatments.
PAR=Parsons location, PIT-Pittsburg location, F=fallow environment, R=wheat residue
environment.
-DWT«dry weight, HT-seedling height, %N=percent nitrogen in tissue, D=deternunates, and
1= indeterminates.
J REL PRF=relative performance, calulated as a percentage of the control mean when a
genotype was crown in a straw environment.
' Seed yield and plant height contain means from fallow envionment only.
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correlations for plant height in 2% straw treatments (HT-2%
straw) and HT-REL PRF in the fallow environments. The relative
performance of determinates for seed yield was negatively cor-
related with DWT-REL PRF and %N-No straw and positively correl-
ated with %N-2% straw and %N-REL PRF.
Overall mean plant height in the field was negatively cor-
related with seedling height in the control treatments (HT-No
straw) and in the straw treatments (HT-2% straw). These correla-
tions are a result of indeterminates exhibiting shorter seedling
height but taller mature height than determinates. The relative
performance of determinates for mature plant height was positive-
ly correlated with HT-REL PRF and was negatively correlated with
HT-No straw. Percent nitrogen measured in the greenhouse, did not
correlate well with percent nitrogen measured in the field.
Table 9 depicts the mean effects of three soybean genotypes,
three cultivars of wheat straw and four concentrations of wheat
straw on soybean seedling dry matter production and height.
Genotypic effects are similar to those obtained in the previous
two studies. The indeterminate line, K77-46-62, was the shortest
line, but had the greatest dry matter production. In this study
Forrest was significantly taller than Essex.
A significant genotype x treatment interaction occurred
between the control treatment and the wheat-straw treatments for
dry weight. This was primarily due to Forrest suffering a greater
reduction in dry matter production (46%) than Essex (36%) or K77-
46-62 (32%). This differential response did not occur for these
lines in the Greenhouse eval uation study.
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Table 9. Effects of three soybean lines, straw from three
cultivars of straw, and four concentrations of wheat
straw mixed with soil on soybean seedling growth in the
greenhouse.
Plant traits+
Effect
Seedling height
LUffi
Forrest
Essex
K77-46-62
Straw variety
Newton
McNair
TAM 105
Straw Concentration
Control
.5 %
1.5 %
3.0 %
— cm —
9.6 a
8.5 b
8.0 c
8.3 a
8.4 a
8.7 a
10.6 a
8.8 b
8.4 c
8.3 c
Dry wei.ght
— g —
.96
.96
1.05
b
b
a
.89
.93
.96
b
ab
a
1.53
1.04
.88
.88
a
b
c
c
t Means followed by the same letter within a column and
effect are not statistically different according to LSD
proceedure at the .05 level of probabiltity.
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The wheat cultivars exhibited significant differences in
their effects on soybean seedling dry weight, but not seedling
height. No significant wheat cultivars x soybean genotype inter-
actions or wheat cultivar x straw concentration interactions
occurred for either trait.
All wheat straw concentrations reduced seedling growth when
compared with the control mean. The 1.5% and 3% concentrations
significantly reduced seedling growth more than the .5% concen-
tration, but there no significant differences between the two
higher concentrations.
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CONCLUSIONS
While the magnitude of genotype x tillage treatment interac-
tion for soybean yield indiates that genetic gain would be im-
proved by the testing of lines in double-crop environments, the
need for a specialized breeding scheme is unclear. Yield reduc-
tions in wheat residue environments were moderate (6%) and prob-
ably do not warrant a special program for double-crop cultivar
development. Cultural practices which would improve soil physical
and chemical conditions for plant growth in double-crop systems
would probably overcome most of the problems associated with
double-crop soybean production.
The incorporation of indeterminate growth, through selection
or backcrossing, should improve soybean cultivars for double-crop
production, as indeterminate lines may be higher yielding and be
more yield stable than determinate lines in double-crop stitua-
tions.
Cold water extracts derived from wheat straw did not reduce
soybean seedling growth in greenhouse pots. Seedling growth was
substantially reduced, however, when seedlings were grown in pots
mixed with wheat straw. The percent nitrogen in seedling tissue
was also substantially reduced in wheat straw treatments. These
results indicate that phytotoxic substances leached from wheat
straw do not play an important role in the early stunting of
soybean seedlings in double-crop environments, and that nitrogen
availability may be a more important limiting factor in the early
growth of soybeans in double-crop environments. These results do
not discount possible effects of leachates when straw is in close
36
proximity to plant parts or the effects of toxins released during
the decomposition of wheat straw.
Overall, the greenhouse technique was not effective in
identifying genotypes tolerant to the effects of wheatstraw.
Although differential responses occurred amoung soybean genotypes
for seedling height, dry matter production, and percent tissue
nitrogen when grown in the greenhouse, these responses were not
well correlated with field performance. Also, genotypes which
exhibited a greater relative performance for one trait generally
did not show high relative performances for other traits.
While N immobilization appears to be a more important factor
limiting growth of soybean seedlings in the wheat straw treat-
ments, than leachates from undecomposed straw, selection for
percent N among genotypes, which were essentially non-nodulating,
was not effective in identifying lines tolerant to the effects of
wheat straw. This indicates that there may not be substantial
genetic differences among lines in their ability to uptake N from
soil. Since field means and greenhouse means were not well
correlated, genetic differences may occur amoung genotypes for N-
fixing ability. Therefore, selection of lines for N-fixing
ability might be a possible solution in overcoming the early
stunting of soybean seedlings in double-crop environments.
Wheat cultivars did not exhibit substantial differences in
their effects on soybean seedling growth. Differences which did
occur may be due to different C:N ratios among the wheat samples
used. These C:N ratios may be independent of cultivars and due to
other factors which affect the levels of nitrogen in plant tissue
37
,
such as soil fertility levels and maturity at harvest. Implica-
tions are, however, that the choice of a wheat cultivar to pre-
cede soybeans will not effect the success of wheat-soybean
double-crop systems.
The level of straw concentration affects soybean seedling
growth. Implications are that methods of residue management which
reduce the concentration of wheat straw in soil will improve
soybean seedling growth in double-crop environments.
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CHAPTER II
COMPARISON OF THE LATTICE SQUARE DESIGN
AND RANDOMIZED COMPLETE BLOCK DESIGN
IN SOYBEAN BREEDING TRIALS
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ABSTRACT
Data from a genotype x production system interaction study,
consisting of 25 soybean Glycine max. (L.) Merr.] lines, arranged
in a lattice aquare (LSQ) design and grown in five environments,
were used to compare the relative efficiency (RE) of the LSQ
design to the randomized complete block design (RCBD) , and to
evaluate the effect of LSQ analysis upon line selection for
several plant traits.
The average RE's for seed yield and seedling leaf nitrogen
were 140 and 145%, respectively. In general, mature plant height,
100 seed weight, and seed quality did not benefit from LSQ
analysis, as these are more qualitative traits and less influen-
ced by field heterogeneity. The range in RE's were: 101 to 201%
for seed yield, 90 to 108% for plant height, 93 to 125% for 100
seed weight, 76 to 101% for seed quality, and 125 to 156% for
seedling leaf nitrogen.
The rank correlation between line means obtained by use of
LSQ analysis, and line means obtained by RCBD analysis decreased
as the RE's increased. Rank correalations ranged from .88 to .99
for seed yield, and from .64 to .85 for percent leaf nitrogen.
Therefore, when substantial gains in precision are realized, LSQ
analysis would provide better estimates of line means than RCBD
analysis and would provide a breeder more confidence in
selecting superior lines.
When gains in precision were realized LSQ analysis reduced
the least significant difference (LSD), coefficient of variation
(C.V.), and affected the significance of the test.
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In the combined analysis, over all environments, LSQ analy-
sis provided better estimates of genotype x environment interac-
tions than the RCBD analysis. This would aid a breeder inselec-
tion lines over an number of locations and years.
The ability of the LSQ design to control field heterogeneity
in two direcxtions was determined to be a desirable character-
istic, as the direction in which major variability was lain could
not be predicted before hand. When major variability was lain in
two directions the LSQ achieved maximum efficiency.
index words ; Experimental design, relative efficiency,
line selection, genotype x environment interactions, Glycine max ,
plant traits.
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INTRODUCTION
A popular experimental design used by plant breeders is the
randomized complete block design (RCBD). This design is flexible
in the number of entries and the number of replicates which may
be used. Field dimensions are also flexible; however, the effi-
ciency of the design is affected by the ability of the experi-
menter to group the replicates into homogeneous units in the
field. When the replicates are effectively grouped into homo-
genous units, gains in precision are realized from the RCBD over
the completely randomized design. In soybean breeding trials,
with a large number of entries in a trial, the RCBD may suffer
from a high error variance associated with field heterogeneity.
The selection of the top few lines and their relationship to
check varieties in the test becomes unclear. One way to improve
the accuracy of soybean breeding trials might be through the use
of incomplete block designs. Incomplete block designs would
reduce the effects of field heterogeneity by grouping treatments
into blocks smaller than complete replicates.
Lattice designs are incomplete block designs which have the
desirable property that incomplete blocks are still arranged into
complete replicates, allowing analysis by method of randomized
complete blocks (15). However, these designs have severe limita-
tions on the number of replicates and number of entries allowed,
with some restrictions on field dimensions. The number of treat-
ments must be an exact square, and the number of plots along one
side of a complete replicate is the square root of this number.
The actual field dimensions, however, depends upon the size of
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the plot and need not be square because the plots, themselves,
need not be square. The plots, though, must be arranged in a
square, or lattice, fashion. The number of treatments and
number of replicates allowed for some balanced lattice designs
are summarized in Table 10. With balanced lattice designs, treat-
ments are compared with equal precision, which is desirable in
plant breeding trials.
The number of replicates required for most of these designs
are prohibitive for most plant breeding trials. With a fixed
number of plots, genetic gain is maximized by increasing the
number of lines to be evaluated. This necessitates a minimum
number of replicates. Currently, in advanced soybean breeding
trials at Kansas State University, 20 to 40 lines are evaluted in
tests arranged in a randomized complete block design, and three
replicates are considered optimum for the best use of resources.
A 5*5 balanced lattice square design would meet requirements for
the number of treatments and the number of replicates desired in
these trials, and gains in precision over randomized blocks would
be expected. This design also has the desirable property that
field heterogeneity is contolled in two directions, much like a
latin square design.
Precision in experimental design is the size of the differ-
ence between two treatments were statistical differences can be
detected, and the relative efficency of two designs measures the
relative amount of replication required to achieve equal amounts
of precision (5)
.
The use of lattice designs in field plot data has often
resulted in substantial gains in precision over the RCBD.
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Table 10. Required number of treatments, units per block, and
replications for some balanced lattice designs.
Number of treatments 9 16 25
Units per block (k) 3 4 5
Replicates 4*, 8 5*, 10 3*,
6
* Allowed for lattice square designs in (k+l)/2 replicates.
Source: W.G. Cochran and G.M. Cox. Experimental Design. 2nd
ed. pg. 396,484.
49 64 81
7 8 9
4*,
8
9 5*, 10
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Knowles (10) reported efficiencies of lattice designs for several
workers in annual crops. Efficiencies reported were: 114-365% in
corn (4), 155-224% in oats (8), and 109-148% for various cereal
crops (3,11,13). Wilse (14) compared several types of lattice
designs in forage crop trails and found the average efficiency to
be 164%, with a range of 102 to 638%. Kempthorne (9) reported
gains in information over randomized complete blocks with the use
of a 5 x 5 balanced lattice square design. These gains in
precision were: for potatoes, 34, 54, 52, 163, and 42%; and for
barley, 67, 75, 18, 12, 31, and 171%.
The purpose of this paper is to compare the relative effi-
cency of a 5 x 5 balanced lattice design to a randomized complete
block design in soybean breeding trials, and to evaluate the
effect of lattice square analysis line selection.
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MATERIALS AND METHODS
The data presented were taken from soybean plots grown in
five environments in southeastern Kansas during 1982 and 1983.
These environments were part of genotype x production system
interaction study.
The study was arranged in a split-plot design over two
years at three locations. The locations were: 1982, Columbus,
Kansas; 1983, Pittsburg and Parsons , Kansas. Whole-plots con-
sisted of two tillage treatments. These treatments provided a
comparsion of soybeans grown in fallow ground and soybeans grown
in wheat residue. Planting dates for both treatments were in
early July following winter wheat harvest. The sub-plot treat-
ments consisted of 22 randomly chosen soybean lines from F5
progeny rows and three check varieties: 'Essex', 'Forrest', and
K77-46-62. The sub-plot treatments were arranged in a 5 x 5
balanced lattice square design. Whole-plot treatments could,
therefore, be considered as separate environments for purposes of
comparing the lattice design and a randomized complete block
design. Only five of the available six environments are used.
The wheat residue treatment at Parsons, Kansas, in 1983/ had to
be deleted from the study, due to severe drought.
In the two environments during 1982, the lines were assig-
ned at random to plots in the basic plan, but the complete ran-
domization as recommended by Yates (15) was not followed. The
complete randomization would have included the additional random-
ization of rows and of columns within each replication.
Although the complete randomization would have been
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prefered, the lack of the additional randomization probably has
not greatly impared the validity of the comparisons of the two
designs. Bliss and Dearborn (2) also failed to use the complete
randomization. They stated that the absence of the complete
randomization probably did not affect the comparisons they made
to any appreciable extent. In 1983, the complete randomization
was performed on the remaining three environments.
Data collected in 1982 consisted of plant height and seed
yield. In 1983 additional measurments consisted of weight per
100 seeds, seed quality, and percent leaf nitrogen. Data for the
five environments were analyzed in a lattice square as described
by Cochran and Cox (7), and by method of randomized complete
blocks. Relative efficiency (RE) of the lattice square design as
compared with the RCBD was calculated using the formula described
by Cockran and Cox (5)):
(nj+1) (n
2
+3) s*
RE = ,
(nj+3) (n
2
+l) s^
2 2
where s
1
and s~ are the error variances for the RCBD and the
lattice square design, respectively, and n, , ru are the degrees
of freedom for the error variances of the RCBD and the lattice
square design, respectively.
Error variances were also calculated for two partially
balanced lattice designs: if rows of the basic plan had been
chosen as blocks (LAT/ROW) , and if columns of the basic plan had
been chosen as blocks (LAT/COL). Relative efficiencies of the two
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partially balanced designs, as compared to the lattice square
design, were then calculated to assess the advantages of control-
ling field heterogeneity in two directions.
A combined analysis was also performed across environments,
for the RCBD and the lattice square design. Environments and
genotypes were considered random effects.
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RESULTS AND DISCUSSION
Table 11 presents comparisons of the relative efficiency of
the lattice square (LSQ) design to the randomized complete block
design (RCBD) , the LSQ design vs. a triple lattice with rows of
the basic plan chosen as blocks (LAT/ROW) , and the LSQ design vs.
a triple lattice with columns of the basic plan chosen as blocks
(LAT/COL)
, for five plant traits measured in several environ-
ments. Substantial gains in precision were realized with the use
of the lattice square design over the RCBD for seed yield, per-
cent leaf nitrogen, and 100 seed weight, but not plant height or
seed quality.
Substantial gains in precision were realized in three of the
five environments for seed yield with the use of the lattice
square design. In no instance was the lattice square design less
efficient than the randomized block design. The average relative
efficiency was 140 percent with a range of 201 to 101%. These
gains in precision mean that six replications of the RCBD would
have been required to provide the same amount of precision as
three replications of the lattice square design in the Columbus-
fallow environment. Five replications of the randomized block
design would have been required in the Columbus-residue environ-
ment, and four replications of the RCBD would have provided as
much precision as the lattice square design in the Pittsburg-
fallow environment.
Substantial gains in precision were not realized in any of
the environments for plant height, and in the Pittsburg-fallow
environment, the lattice square design was less efficient than
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Table 11. The relative efficiency of a 5x5 balan-
£5™, C* sc*uare design, as compared with aRCBD, a triple lattice with rows chosen asblocks (LAT/ROW), and a triple lattice with
columns chosen as blocks (LAT/COL) for five
plant traits measured in various environments.
Environment RCBD LAT/ROW LAT/COL
% % %
Columbus, fallow 201 109 181
Columbus, residue 163 162 142
Pittsburg, fallow 101 102 103
Pittsburg, residue 130 134 107
Parsons, fallow 101 1M 100
Average efficiency 140 123
- Plant height
127
Columbus, fallow 104 105 106
Columbus, residue 108 107 106
Pittsburg, fallow 90 84 109
Pittshijra, residnp 103. no. 101
Average efficiency 103 102 107
L00 Seed weight
Pittsburg, fallow 93 88 109
Pittsburg, residue 125 122 123
EiLSons, fallow 101 101 HO
Average efficiency 108 98
Seed quality
114
Pittsburg, fallow 101 105 101
Pittsburg, residue 101 103 103
Eaisons, fallow IS. 8_5_ Si.
Average efficiency 93
%
98
Leaf nitroaen-
96
Pittsburg, fallow 147 205 90
Pittsburg, residue 156 155 X07
Parsons, fallow 151 133 158
Parsons, residue 125. 122 111
Average efficiency 145 156 117
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the RCBD. The average relative efficiency for plant height was
103%.
Results for 100 seed weight ranged from a loss of accuracy
in the Pittsburg-fallow environment f to a substantial gain in the
Pittsburg-residue environment. The average gain in precision for
seed weight was 108%, with a range of 93 to 125%. The lattice
square design had a poor showing for seed quality, with an ave-
rage RE of 93 percent. In the Parsons-fallow environment, the RE
was only 73 percent.
Substantial gains in precision were realized in all four
environments for percent leaf nitrogen. The average gain in
precision of the lattice design over the randomized block design
was 45%, with a range of 25 to 56%.
In three instances a loss of accuracy with the use of the
lattice square design over the RCBD was noted. Most authors
contend that, with analysis of the lattice square using recovery
of inter-block information, the lattice designs can be no less
efficient than the randomized complete block design (1,2,6,15).
This conclusion is based upon two assumptions. First, since
the lattice square design may be analyzed as randomized complete
blocks, when analysis by method of lattice squares is proven to
be less efficient than RCBD analysis, lattice square analysis
should be abandoned, and analysis by method of randomized blocks
should be employed (2,15). This approach is inconsistant with
good experimental analysis, and should not be used. It is appro-
priate, however, to decide before data is collected by which
method (RCBD or lattice) a variable should be analyzed.
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The second assumption is that the inter-block comparisons in
no case would be more precise than the intra-block comparisons
(6). That is, since a component of the variance among blocks is
the intra-block variation, the variance among blocks could not be
less than the intra-block variance. Therefore, in the extreme
case where variation due to blocks was non-existent, the analysis
would automatically reduce to that of randomized blocks. In prac-
tice, however, the variation among incomplete blocks was often
less than the intra-block variance, and inefficiencies occurred.
Plant height and seed weight are more qualitative traits
than seed yield, percent leaf nitrogen, or 10U seed weight, and
therefore are less influenced by field heterogeneity. This
explains why these plant traits did not benefit from lattice
square analysis. Therefore, qualitative traits, which are not
likely to benifit from the use of incomplete blocks, should be
analyzed by method of randomized blocks. This would insure that
these traits would be compared with at least as much precision as
randomized blocks and avoid inefficiencies which could occur with
lattice square analysis.
The advantage of controlling field heterogeneity in two
directions can be seen by comparing the RE's of the triple
lattice with rows chosen as blocks (LAT/ROW) and the triple
lattice with columns chosen as blocks (LAt/COL)
,
(Table 11). If
the RE of the LAT/ROW design is less than the RE of the LAT/COL
design, then the lattice square design was more efficient at
partitioning out variation among rows than variation among
columns. Conversely, if the RE of the LAT/COL design is less than
the RE of the LAT/ROW design, then the lattice square design was
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more efficient at partitioning out variation among columns than
variation among rows.
In the three environments where substantial gains in preci-
sion were realized for seed yield , the ability of the lattice
design to partition row effects was primarily responsible for
gains in precision in the Columbus-fallow environment, while the
ability to partition column eftects was primarily responsible for
gains in precision in the Pittsburg-residue environment. In the
Columbus-residue environment the partitioning of both row and
column effects substantially improved the precision of the test.
The analysis of 100 seed weight in the Pittsburg-residue environ-
ment was also enhanced by the partitioning of both row and column
effects.
Increased accuracy for percent leaf nitrogen was primarily
due to the partitioning of row effects in the two Pittsburg
environments, while both row and column effects were important in
the two Parsons environments.
It is interesting to note that in these tests the direction
in which field heterogeneity was lain could not be predicted
before hand. Therefore, the ability of the lattice square design
to control field heterogeneity in two directions adds to the
attractiveness of this design.
In lattice square designs two sources of variation are
partitioned among incomplete blocks, i.e. among rows and among
columns. If either one of these mean squares are less than the
within block variation, then inefficiencies for that block effect
will result. The other block effect may, however, result in gains
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in precision and overcome the loss of information of the first
block effect.
Table 12 compares the row and column mean squares to the
intra-block mean square in cases where the row or column mean
square was less than the intra-block mean square.
In three out of four cases the loss of information due to an
incomplete block effect resulted in the lattice square design
being less efficient than the randomized complete block design.
In the Parsons-residue environment for seed quality, both row and
column effects resulted in a loss of information and the RE was
the lowest for any trait in any environment. In the Pittsburg-
fallow environment for leaf nitrogen the substantial gain in
precision achieved by the column effect overcame a loss of
information due to the row effect and the lattice square design
was more efficient than the RCBD. The ability of the lattice
square to partition both row and column effects was a definite
advantage in this case.
Effects of Gains in Precision
The analysis by method of lattice squares results in the
adjustment of treatment totals for the blocks in which a treat-
ment occurs. Therefore, it would be expected that there would be
differences between the ranking of the means in the lattice
square design and the randomized complete block design. A measure
of the degree of concurrence between the ranking of means between
the two types of design may be given by Spearman's rank correla-
tion coefficent (12). The use of the lattice design would also
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affect the coefficient of variation (C.V.), least significant
difference (LSD and the significance of the test.
Table 13 depicts the effect of lattice square analysis
on seed yield means. The mean rank correlation decreased with
gains in precision, indicating that there was a greater change in
the rankings when substantial gains in precision were realized.
The mean rank correlation ranged from .88 in the Columbus-fallow
environment, which had a RE of 201%, to .99 in the Parsons-fallow
environment, which had a RE of 103%. Most adjustments resulted in
a change of a only a few positions in ranks. However, sometimes
larger changes in ranks occurred.
Of particular interest was how the analysis by method of
lattice squares affected the significance of the test, as indi-
cated by the p-values. In the Columbus-fallow environment the
variance ratio for the line effect was significant (p<.05) when
analyzed by method of randomized blocks; but was not significant
in this environment when analyzed by method of lattice squares.
In contrast, the line effect for seed yield in the Columbus-
residue environment was significant when analyzed by lattice
squares, but not significant for RCBD analysis. The variance
ratio was highly significant for both designs in the other envi-
ronments, with a tendency for the p-values to be higher with the
lattice square analysis.
The differential response of p-values to method of analysis
may be rationalized by comparing these responses to the range of
the means in a test. In the Columbus-fallow environment, the
result of gains in precision was to adjust the highest means down
and the lowest means up. Therefore, there was less difterence
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among the adjusted means and the variance ratio was non-signifi-
cant. In the Columbus-residue environment, the range among means
stayed nearly the same during adjustments, and the result of
gains in precision was to reduce the error variance, which in-
creased the significance of the line effect. It should be noted
that these two environments were the ones in which the complete
randomization was not followed. Bias in the placement of plots
may have influenced the results.
Higher p-values for lattice square analysis may be a result
of differing degrees of freedom for the error variance for the
two types of design. The lattice square analysis would require a
higher variance ratio for a given level of significance than the
RCBD. Therefore, if the variance ratios are approximately the
same, the p-values for lattice square analysis will be higher
than the p-values for RCBD analysis.
Substantial gains in precision were not realized for plant
height or seed quality in any environment. Therefore, the effects
of lattice square analysis upon test statistics were minimal.
Spearman's rank correlation was .99 in all environments for plant
height, indicating a high level of concurrence between the ranking
of the means in the two types of design. This is not to say that
large adjustments of means did not occur. For example, the mean
height of line K77-46-42, in the Columbus-fallow environment, was
decreased from 119 cm in the RCBD analysis to 102 cm in the
lattice square analysis. This resulted in a change from rank 1 to
rank 4.
The implication of this observation is that, even if sub-
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stantial gains in precision are not realized with the lattice
square analysis, the elimination of incomplete block effects from
line totals allows a better estimate of line means. Therefore, a
breeder would have more confidence in the selection of lines.
Mean rank correlations for seed quality was .99 in both
Pittsburg environments, and was 1.00 in the Parsons environment.
In the latter case both row and column mean squares were less
than the intra-block variance (Table 12) and no block adjustments
were made.
Mean rank correlations for seed weight were .99 in the
Pittsburg-fallow and in the Parsons-fallow environments, where
substantial gains in precision were not realized, and was .98 in
the Pittsburg-residue environment, where a substantial gain in
precision was realized.
The lattice square analysis had a drastic effect on the
adjustment of line means for percent leaf nitrogen (Table 14).
The ranking of means changed more for this trait than for any
other trait as indicated by the rank correlations between the two
designs. Rank correlations ranged from .85 in the Pittsburg-
fallow environment to only .64 in the Parsons-fallow environment.
The significance of the test was increased in three out of four
environments even though the range in the means was substantially
reduced in the Pittsburg-fallow environment. The elimination of
block effects from treatment totals, therefore, provided a much
better estimate of line means for this trait than would have been
obtained from use of the RCBD.
Gains in precision always resulted in lower LSD(.05) values
and lower C.V.'s for the traits measured. This would be expected
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due to the influence of the determined error variance in the
formulas for calculating these test statistics. The mean for a
test was not affected by lattice square analysis. Small difrer-
ences shown are due to rounding errors in calulating the means.
Combined Analysis
The effects of lattice square analysis on the overall line
means are given in Table 15 for the five traits measured. The
mean, LSD(.05) value, the rank correlation between the two
designs, and the p-values for the significance of the line effect
and the line x treatment interaction are also given.
The ranking of means changed more for percent leaf nitrogen
than for any other variable, as indicated by the rank correlation
coefficients. The lattice square analysis resulted in changes in
mean seed yield for all treatments, with some substantial changes
in the ranks. The effect of lattice square analysis on the over-
all line means was minimal for seed weight, seed quality, and
plant height.
Since environments and lines were considered random effects
in the analysis of variance, it is important to ascertain the
effect of lattice square analysis upon the line x environment
interaction. The genotypic and interaction components of variance
for each plant trait in the combined analysis of both designs are
given in Table 16. The magnitude of the genotypic component of
variance was increased for seed yield and decreased for percent
nitrogen, while the interaction component was decreased for seed
yield but was increased for plant height. The effects of LSQ
analysis on the components of variance for plant height, seed
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weight, and seed qualitiy were minimal.
The use of the LSQ design would, therefore, provide a better
estimate of genetic components of variance in breeding trials
combined over years and locations than the RCBD, and would
provide more information to a breeder in selecting lines for wide
adaptability.
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CONCLUSIONS
Substantial gains in precision may realized from the use of
the lattice square design (LSQ) over the RCBD in soybean breeding
trials, particularly for quantitative plant traits, such as seed
yield, which are more influenced by field heterogeneity than more
qualitative plant traits, such as plant height. Plant traits
which are not likely to be influenced by field heterogeneity
should be analyzed by method of randomized blocks to avoid
inefficiencies which could occur with the use of the LSQ design.
The ability of the lattice square design to control the
influence of field heterogeneity in two directions is a desirable
property in soybean breeding trials, as the direction in which
major variablity lies can not be predicted before hand. Major
variablity is also often lain in two directions. In these situa-
tions the LSQ design achieves its maximum efficiency.
When gains in precision are realized from the use of the LSQ
design, better estimates of genotypic means are obtained than
that of the RCBD. Therefore, a breeder would have more confidence
in selecting superior lines when using the lattice square design.
When genotypic means, as obtained by LSQ analysis, are analyzed
over a number of environments, a better estimate of genotype x
environment interaction is obtained than with the RCBD analysis.
This would aid a breeder in selecting superior lines over a
number of locations and years.
The use of a lattice square design, once incorporated into a
breeding program, would be no more time consuming to use than the
RCBD. Under fixed resources the use of the LSQ design would
68
provide more information than would be obtained from a RCBD and
genetic gain should be improved.
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Twenty-five randomly chosen determinate and indeterminate
soybean [ Glycine max (L.) Merr.] lines were grown in two tillage
treatments (wheat straw vs. fallow) over two years (1982, 1983)
to determine the influence of wheat residue and stem termination
on soybean double-crop performance and to assess the magitude of
genotype x production system interactions in double-crop cultivar
development. Seed yield was significantly lower in wheat residue
environments (1820 Kg/ha) than fallow environments (1930 Kg/ha).
(6%). Lower yields in these environments were probably more a
result of soil physical and chemical conditions than phyto-
toxicity associated with wheat straw.
Genotypic variation for seed yield was masked by significant
genotype x tillage treatment and genotye x environment interac-
tions. The magnitude of the genotype x tillage treatment interac-
tion indicated that the development of double-crop cultivars
would be expedited by the testing and selection of lines in wheat
residue environments.
Indeterminate lines outyielded determinate lines by 11%.
Indeterminates showed only a 1% reduction in yield in wheat
residue environyents, while determinates suffered a 9% reduction.
Indeterminate stem growth should improve the yield and stability
of cultivars adapted to double-crop production in southeastern
Kansas.
Cold water extracts derived from wheat straw stimulated
soybean seedling growth when applied to pots in the greenhouse.
Seedling growth and percent leaf nitrogen were substantially
reduced, however, when seedlings were grown in pots mixed with
wheat straw. Therefore, nitrogen availability is probably a more
important factor limiting the growth of soybeans in soybean
double-crop production than the phytotoxicity of compounds
leached from wheat straw .
A greenhouse evaluation was not effective in i^dentif ying
lines tolerant to the effects of wheat straw. Dry matter produc-
tion, plant height, and percent leaf nitrogen of seedlings were
significantly reduced (13, 41, and 46%, respectively) among 25
lines evaluated. While the relative reduction for these traits
differed among lines, plant responses in the greenhouse were not
correlated to performance in the field.
The sub-plot treatments (genotypes) were arranged in a
lattice square design (LSQ). This provided a comparison of the
relative efficiency of a LSQ design to a randomized complete
block design (RCBD) in several environments. Gains in precision
of the LSQ over the RCBD averaged 40% for seed yield and 45% for
percent leaf nitrogen. The effects of LSQ analysis were minimal
for plant height, 100 seed weight, and seed quality, as these
traits are more qualitive and less influenced by field heteroge-
neity. The use of a LSQ design would provide a better estimate of
genotypic means than the RCBD and would give a breeder more
confidence in selecting superior lines.
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